Plants have been employed as medicine since time immemorial, and there has been a recent resurgence in the use of plants as medicines due to their little or no toxicity at the doses used for treatment of different ailments. This review discusses in detail the phytochemical and pharmacological activities of Jamun (Syzygium cumini), a tree belonging to family Myrtaceae, which has been credited with several medicinal properties in the traditional system of medicine, the Ayurveda. The different properties attributed to Jamun are sweet, sour, astringent, acrid, refrigerant, carminative, diuretic, and digestive. Research and practical use in traditional medicinal systems have found Jamun to be effective in treating leucorrhoea, gastric disorders, fever, diabetes, piles, stomachache, wounds, and dental, digestive and skin disorders. Some compounds in Jamun have antioxidant, antimicrobial, antiallergic, antidiabetic, antihyperlipidemic, anticancer, gastroprotective, hepatoprotective, cardioprotective and radioprotective activity. Finally, Jamun has been found to contain phytochemicals including anthroquinones, alkaloids, catechins, flavonoids, glycosides, steroids, phenols, tannins, saponins and cardiac glycosides. The diverse activities of Jamun may be due to its abilities to scavenge free radicals, increase antioxidant status of cells by increasing glutathione, glutathione peroxidase, catalase and/or superoxide dismutase, and to attenuate lipid peroxidation. In addition, it also suppresses the transcription of peroxisome proliferator-activated receptor, Nuclear factor kappa B, cyclooxygenase, inducible nitric oxide synthase, tumor necrosis factor alpha and other proinflammatory cytokines, accompanied by the up-regulation of nuclear factor erythroid 2-related factor 2 transcription, which is involved in regulating the antioxidant status of the cells.
Introduction
Taxonomically, Jamun belongs to Kingdom: Plantae; Division: Magnoliophyta; Class: Magnoliopsida; Order: Myrtales; Family: Myrtaceae; Genus: Syzygium and Species: cumini. It is also known by the other names of Syzygium jambolana (Lam.) DC, Syzygi-Jagetia GC. Pharmacological activities of Jamun, Syzygium Cumini J Explor Res Pharmacol Java plum, Malabar plum, Duhat and Portuguese plum. 3,4
Traditional medicinal uses
Plants have been used by humans for healthcare since the advent of human history, and they are still used by the majority of the population due to their non-toxic nature and economic affordability. However, the scientific basis of use of these medicinal plants still needs to be validated. Jamun is one of the medicinal plants that have been used in diverse traditional ethnomedicinal practices to treat various disorders in humans. 5 Jamun's most common uses have included diabetes and in dental, digestive, liver and skin disorders.
In Ayurvedic medicine, 1-3 g of dried seed powder is usually given orally to humans to treat diabetic conditions. Different parts of Jamun have been used to cure blisters in the mouth, colic, digestive complaints, diarrhea, dysentery, diabetes, pimples, piles, stomachache, and cancer. 6 Juice of the ripened fruit is administered in the dose range of 0.5-2 teaspoons (2.5-10 mL) thrice a day to treat diabetes in humans. 7, 8 Jamun is also considered a good general health tonic for humans, acting as a blood purifier. The Jamun stem bark is used as an astringent, anthelmintic, antibacterial, carminative, constipating, diuretic, digestive, febrifuge, refrigerant, stomachic and sweet. The fruits and seeds are used to treat asthma, diabetes, bronchitis and splenopathy. 9, 10 Fresh Jamun fruit pulp with honey is administered to keep the body healthy, while its seed powder is given to help in clearing the skin blemishes left by blackheads and acne. The fruit juice is also useful for treating enlarged spleen and resolving urinary problems. 11 Jamun seed powder mixed with jaggery provides relief in diarrhea and dysentery. The leaf juice and poultice of the leaves are effective in the treatment of dysentery and skin disorders. 12, 13 Moreover, the application of Jamun leaf ash cures bleeding gums and keeps teeth healthy, 8 while the leaf paste is a good general wound healing agent.
In Unani medicine, Jamun is used as a liver tonic. And, similar to its application in Ayurvedic medicine, Jamun is known in Unani medicine to strengthen teeth and gums, enrich blood, and deworm against ringworm infection of the head. 14 The Jamun fruit pulp is also used to treat gingivitis, and application of Jamun for 2-4 months is helpful in treating hemorrhoids.
The Jamun stem bark, dried seeds and root bark decoction is used to treat diarrhea, dysentery and dyspepsia, and it can also act as an enema. 13 Stem bark powder mixed with yoghurt is given to treat menorrhagia, 7 and when mixed with Jamun fruit juice cures cough and cold. In addition, one glass of Jamun fruit juice with half teaspoon of stem bark powder given daily relives the problems of urinary tract disorders and urinary infections. In India, the Jamun seed powder is used as an antidote against strychnine poisoning. 12 The decoction of the Jamun stem bark is used to cure asthma and bronchitis. 15 When the stem bark decoction is gargled or used as a mouthwash it can cure mouth ulcerations, spongy gums and stomatitis. 11, 13 The stem bark ashes of Jamun can either be mixed with water and used as a general anti-inflammatory agent, or mixed with oil and used to treat burns. 11 Seed decoction of Jamun relieves fatigue and strain.
Research into the traditional uses of Jamun has encompassed investigations into the application of all different parts of the Jamun plant by means of various study systems, with the aim of substantiating the claims of traditional healers and harnessing its diverse medicinal properties for evidence-based modern clinical practice.
Phytochemical analysis
The medicinal properties of Jamun may be due to its ability to synthesize various phytochemicals. Indeed, many investigators have studied the phytochemical profiles of Jamun roots, stem, leaves and fruits, and their findings are detailed in this section.
The leaves of Jamun have been extracted in methanol and water, and analyzed for the presence of different phytochemicals. Both aqueous and methanol extracts have been found to possess a range of alkaloids, flavonoids, glycosides, steroids, phenols, tannins, saponins and cardiac glycosides. 16, 17 Meanwhile, the ethanol stem bark extracts of Jamun have shown the presence of terpenoids, alkaloids, catechins, phenols, quinones, saponins and tannins, whereas, the methanol extract of such was found to additionally contain flavonoids. On the other hand, the aqueous stem bark extract only contained catechins, phenols, quinones and flavonoids. 18 Likewise, the ethyl acetate and methanol extracts of Jamun seeds were found to contain flavonoids, alkaloids, glycosides, triterpenoids, steroids, saponins, and tannins. 19 Different leaf extracts of Jamun have been tested for the presence of various phytochemicals, and the methanol, ethanol and aqueous extracts of leaves were found to contain flavonoids, anthroquinones, tannins, phenols, steroids. All except the aqueous extract contained alkaloids. The analysis of chloroform and petroleum ether extracts showed the presence of flavonoids anthroquinones and steroids, but a striking absence of tannins, terpenoids, saponins, phenols and alkaloids. The cardiac glycosides were absent in all the extracts of Jamun leaf reported. 20 The phytochemical analysis of ethanol extract of Jamun stem bark, leaf, seed and fruit pulp showed the presence of alkaloids, anthroquinone glycosides, flavonoids, tannins, saponins, phenols, cardiac glycosides, terpenoids, phytosterols, steroids and amino acids in all extracts, with the exception that anthroquinones were absent in the seed and pulp extracts, whereas terpenoids and phytosterols were absent in the leaf extract. 21 
Active components
The different parts of Jamun have been subjected to isolation and characterization of various types of phytochemicals. including the flavonoids, phenolic acids, terpenes, tannins and anthocyanins (Fig. 2) . The leaves of Jamun were found to contain betulinic acid, crategolic acid, n-dotricontanol, n-hentriacontane, n-hepatcosane, mycaminose, myricetin, myricitrin, myricetin 3-O-(4″-acetyl)-α-L-rhamnopyranosides, n-nonacosane, quercetin, β-sitosterol, noctacosanol, n-triacontanol, triterpenoids, tannins, eicosane, octacosane and octadecane. 1, 22-25 The essential oils from Jamun leaves showed the presence of α-cadinol, geranyl acetone, muurolol, α-myrtenal, pinocarvone, pinocarveol, a-terpeneol, myrtenol, eucarvone, cineole, alloocimene, α-bornyl acetate, α-pinene, 2-β-pinene, caryophyllene, caryophyllene oxide, L-limonene, α-humulene, α-terpineol and α-terpineolene. 26- 28 The flowers of Jamun have shown the presence of various phytochemicals, including kaempferol, quercetin, myricetin, isoquercetin (quercetin-3-glucoside), myricetin-3-L-arabinoside, quercetin-3-Dgalactoside, dihydromyricetin, oleanolic acid, acetyl oleanolic acid, eugenol-triterpenoid A and eugenol-triterpenoid B. 29 The fruit of Jamun consists of different anthocyanins (including delphinidin 3,5-diglucoside, cyanidin 3,5-diglucoside, petunidin 3,5-diglucoside, peonidin 3,5-diglucoside, delphinidin 3-glucoside, malvidin 3,5-diglucoside, delphinidin acetyl-diglucoside, peonidin-3,5-diglycoside, petunidin 3-glucoside, malvidin 3-glucoside), non-anthocyanic phenolic compounds [such as galloyl-glucose ester, ellagic acid and gallic acid (phenolic acid)], and flavanols (such as dihydroquercetin diglucoside, dihydromyricetin diglucosidemethyl-dihydromyricetin, diglucoside, dimethyl-dihydromyricetin diglucoside, myricetin glucoside, myricetin pentoside, myricetin rhamnoside , myricetin acetyl-rhamnoside and myricetin). 30- 32 The fruit pulp also includes cyanidin 3-glucoside, cyanidin 3-rutinoside, cyanidin 3-xyloside, cyanidin 3-malonylglucoside, cyanidin 3-dioxalylglucoside, quercetin 3-rutinoside, quercetin 3-galactoside, quercetin 3-glucoside, quercetin 3-glucuronide, quercetin 3-O-[600-(3-hydroxy-3-methylglutaroyl)]-β-galactoside, quercetin 3-glucosylpentoside, quercetin 3-oxalylpentoside, quercetin 3-rhamnoside, quercetin, lambertianin C isomer, sanguiin H-6 lambertianin A and galloyl-bis-HHDP glucose isomer. 28, 33 The seeds of Jamun have been reported to include 7-hydroxycalamenene, methyl-β-orsellinate, β-sitosterol, and oleanolic acid, and 3-hydroxy androstane [16,17-C] (6′methyl, 2′-1-hydroxyisopropene-1-yl) 4,5,6 H pyran. 34 The methanol extract of Jamun seeds showed the presence of 34 chemicals, principle among them being 5,10-dichloro-5,10-dimethyltricyclo[7.1.0.0(4,6)]decane, tetradecanoic acid, α-caryophyllene, 1,10-decandiol, β caryophyllene, bicyclo(4.4.O)decane, octadienol, cadinene, 4-dodecen-1-ol acetate, 2-furancarboxaldehyde 5-(hydroxymethyl) and oxirane 2,3-dimethyl. The ethanol extract showed presence of caryophyllene oxide, bicyclo(7.2.0)undec-4-ene, 4,11,11-trimethyl-8-methylene, Jagetia GC. Pharmacological activities of Jamun, Syzygium Cumini J Explor Res Pharmacol
, 12-methyl-E,E-2,13-octadecadien-1-ol, nondecanoic acid, guaiol, limonene oxide, 2-methyl-3-isobutenyl-4-penten-2-ol, 3-methyl-4-hexyn-3-ol,thujanol and 10-undecyn-1-ol. 35 The stem bark has been found to contain betulinic acid, friedelin, epi-friedelanol, β-sitosterol, eugenin and fatty acid ester of epifriedelanol. 36 β-sitosterol, quercetin kaempferol, myricetin, gallic acid and ellagic acid, bergenins, flavonoids and tannins have also been reported from the stem of Jamun. 37-39
Antioxidant activity
Various parts of Jamun have been shown to exert antioxidant activity, as indicated by free radical scavenging assays. Moreover, the Jamun leaf and seed extracts have shown a concentration-dependent increase in the scavenging activity of nitric oxide (NO) free radicals. 40 The aqueous extract of Jamun fruit skin has been found to scavenge hydroxyl (OH), superoxide (O 2 − •) and DPPH free radicals. 41 The DPPH radical scavenging and ferric-reducing power (FRAP) of leaf extract were evaluated in the methanol extract and its fraction of ethyl acetate, chloroform, n-hexane and water. The ethyl acetate fraction was found to be most potent in scavenging of DPPH radicals and FRAP. 42 The anthocyanin-rich extract prepared in acidified (5% H 3 PO 4 ) ethanol from Jamun fruits was shown to scavenge 2,2′-azino-bis(3-ethylbenzothiazoline-6-sulphonic acid) (ABTS) anion and peroxy radicals efficiently. 31 The 1:1 dichloromethane and methanol (DCM-MET) extract of Jamun leaves was evaluated for its ability to scavenge different free radicals in vitro. The Jamun extract was found to scavenge OH free radicals in a dose-dependent manner and maximum effect was achieved with 350 µg/mL. This extract also inhibited the generation of O 2 − • radicals, and the greatest effect was achieved with 250 µg/mL. Similarly, it equally inhibited DPPH and ABTS + free radicals, and the highest effect was achieved with 80 µg/mL for both radicals. 43 The acid ethanol extracts of seed and fruit pulp of Jamun have been reported to inhibit generation of DPPH and ABTS + free radicals, and to exhibit iron chelating activity. 44 The aqueous leaf extract of Jamun was shown to scavenge OH, O 2 − •, NO and ABTS + • free radicals in a concentration-dependent manner. 45 The methanol, and methylene chloride extracts of Jamun leaves and its oils have been reported to scavenge DPPH radicals and increase the FRAP. 46 The studies on methanol and aqueous leaf extracts of Jamun have also revealed an ability to inhibit the generation of OH, NO, and DPPH free radicals in a concentration-dependent manner and to cause an increase in the FRAP with increasing concentrations. 47 The above-mentioned DPPH radical scavenging and FRAP study revealed that the ethanol seed extract was the most potent, followed by stem bark and leaf extracts of Jamun. 21 In another study, the methanol leaf extract was shown to increase the FRAP with increasing concentration and demonstrated its superiority to fruit pulp and seed extracts. 48
Antibacterial and antifungal activity
Essential oils extracted from the Jamun leaves have been reported to exert antibacterial properties against Basillus sphaericus, Basillus sphaericus, Staphylococcus aureus, Escherichia coli, Pseudomonas aeruginosa and Samonella typhimurium. 26 The hydroalcoholic extract of Jamun leaves was found to be active against Candida krusei and antibiotic-resistant bacterial species of P. aeruginosa, Klebsiella pneumoniae and S. aureus in addition to Enterococcus faecalis, E. coli, Kocuria rhizophila, Neisseria gonorrhoeae, P. aeruginosa, and Shigella flexneri. 49 The diethyl ether, methanol and aqueous extracts of Jamun fruit inhibited the growth of Bacillus cereus, Staphylococcus epidermidis, Micrococcus luteus and Salmonella typhi, respectively. 50 The ethanol extract of Jamun leaf has been reported to be active against the Vibrio cholerae serogroups Ogawa and Inaba. 51 The 70% ethanol extract of Jamun leaf, bark, pulp and seed showed a potent antimicrobial activity against various Gram-positive bacteria (including B. subtilis, B. cereus and S. aureus) and Gram-negative bacteria (including S. flexneri, P. aeruginosa and V. cholera). Comparison analysis showed that the leaf and bark extracts were more potent than the pulp and seed extracts. 21 The ethanol extract of Jamun seeds was found to inhibit the growth of E. coli, B. subtilis, P. aeruginosa and S. aureus. 52 The aqueous extract of Janum stem and leaf showed antibacterial activity against all strains of bacteria, including S. aureus, Staphylococcus saprophyticus, E. coli, P. aeruginosa and Proteus vulgaris, whereas the fruit extract was active against P. aeruginosa only and the maximum antifungal activity was recorded for Penicillium chrysogenum and Candida albicans. 53 The methanol and methylene chloride leaf extracts and the essential oils from Jamun leaves exhibited antibacterial activity against both Gram-positive and Gram-negative bacteria, and the methanol extract was superior to the methylene chloride extract and leaf oil. 46 The ethanol extract of Jamun roots was found to be active against S. aureus, S. epidermidis, E. coli, Streptococcus suis, Salmonella spp. and Corynebacterium diphtheriae. The root extract of Jamun was found to be more effective against Grampositive bacteria than Gram-negative bacteria. 54
Anti-inflammatory activity
Jamun has been reported to act as an anti-inflammatory agent, reducing both acute and chronic inflammation ( Fig. 3 and Table  1 45, 54-64 ). The chloroform seed extract has been reported to inhibit carrageenan (acute), kaolin-carrageenan-induced paw edema in the rats and to also suppress protein exudates, leakage of dye in peritoneal inflammation, and leukocyte migration. 55 Similarly, the aqueous seed extract was found to exert an anti-inflammatory effect against human neutrophils. 56 Preclinical studies using animal models have shown that the ethanol extract of Jamun stem bark exhibits anti-inflammatory activity, as demonstrated in carrageenan (acute), kaolin-carrageenan (sub-acute) and formaldehyde (sub-acute)-induced paw edema, as well as cotton pellet granuloma (chronic) rat models. 57 The methanol and ethyl acetate seed extracts have shown an antiinflammatory response in carrageenan-induced rat paw edema. 58 The methanol extracts of Jamun leaves have also been shown to reduce acute and chronic inflammation in carrageenan, histamine and serotonin-induced rat paw edema and cotton pellet-induced rat granuloma studies. 59 In another study, essential oils from the Jamun leaf inhibited the migration of rat eosinophils, indicating that Jamun leaf possesses anti-inflammatory activity. 60 The aqueous leaf extract has also been reported to reduce indomethacin-induced inflammatory changes in the mice by reducing nitric oxide synthase (iNOS), tumor necrosis factor-alpha (TNF-α) and cyclooxygenase (COX) enzymes. 45 The essential oils from Jamun leaf have been reported to alleviate chronic granulomatous inflammation in BALB/c mice that had been intravenously infected with Mycobacterium bovis Bacillus Calmettte-Guerin. 61 The fla- Jagetia GC. Pharmacological activities of Jamun, Syzygium Cumini J Explor Res Pharmacol vonoid fraction of Jamun has been reported to alleviate inflammatory response in human lymphocytes, monocytes and neutrophils against the hepatitis B vaccine. 62 The aqueous and ethanol extracts of Jamun root were shown to reduce IL-6 production in RAW 264.7 macrophages, indicating slight anti-inflammatory activity. 54 The aqueous seed extract was found to exert anti-inflammatory activity in diabetic rats, as indicated by the suppression of ectonucleotidase, adenosine deaminase, acetyl cholinesterase, dipeptidyl peptidase IV and NO activities. 65
Antiallergic activity
The antiallergic effect of aqueous leaf extract of Jamun has been investigated in mice that had been injected with the mast-cell degranulator C48/80 or with ovalbumin (OVA) to induce anaphylaxis edema (Fig. 3) . Treatments at various doses of Jamun extract was found to reduce the edema; no significant difference was found between the different doses used ( Table 1 ). The treatment of rats with C48/80 released histamine in peritoneal mast cells, whereas pretreatment with Jamun leaf extract (1 µg/mL) inhibited this allergic reaction in the mast cells. Administration of OVA to BALBc mice induced substantial accumulation of leukocytes, mononuclear cells and eosinophils in the pleural cavity, whereas pretreatment of these mice with Jamun leaf extract at 1 h before the OVA administration significantly suppressed the accumulation of eosinophils in the pleural cavity, indicating its anti-inflammatory action. 63 Moreover, study of the antiallergic effects of aqueous, methanol and methanol fraction of the aqueous extract of Jamun roots revealed that these extracts suppressed clonidine-induced catalepsy in mice by inhibiting the release of histamine triggered by mast cell degranulation. Finally, the administration of different root extracts of Jamun was shown to suppress milk-induced eosinophilia in mice. 64 
Hepatoprotective activity
Administration of aqueous leaf extract of Jamun to albino rats for 7 days prior to carbon tetrachloride treatment has been found to be hepatoprotective (Table 2 30, 35, 66-77 ), as indicated by the alleviation of enhanced levels of aspartate aminotransferase and alanine aminotransferase compared to control rats treated with carbon tetrachloride alone. 66 The fruit extract of Jamun has also been reported to protect rat hepatocytes against carbon tetrachloride-induced toxicity in vitro. 30 Similarly, the administration of ethanol extract of Jamun fruit pulp for 8 consecutive days prior to paracetamol treatment has been shown to protect rats against paracetamol-induced hepatotoxicity. 67 The Jamun fruit extract has also been found to reduce bile duct ligation-induced damage to hepatocytes, hepatic fibrosis and macrophage infiltration by reducing lipid peroxidation and mRNA expression of intracellular adhesion molecule (Icam-1) and Chemokine (C-X-C motif) ligand 2 (Cxcl2 genes). The fruit pulp extract of Jamun was also shown to reduce NO production by suppressing iNOS transcription, as well as transcriptional activation of NF-κB. 68 The aqueous seed extract has been found to protect against liver damage in streptozotocin-induced diabetic rats. 78 In addition, rats administered with seed extract for 14 days prior to carbon tetrachloride administration were protected against the carbon tetrachloride-induced hepatotoxicity. 69 The findings from all of the above studies indicate the hepatoprotective potential of Jamun (Fig. 3) .
Gastroprotective
Tannins extracted from the stem bark of Jamun protect against gastric ulcers (Table 2) in Sprague-Dawley rats induced by oral administration of HCl/ethanol, as indicated by alleviated gastric mucosal damage, reduced free radicals and reduced ulceration of the gastric mucosa. 70 In addition, the ethanol extract of Jamun seeds has been reported to reduce indomethacin-and ethanol-induced peptic ulcers and acid-pepsin output in the streptozotocin-induced diabetic rats. 71,72
Cardioprotective activity
Cardiovascular disorders represent the number one killer disease in the world, and the different extracts of Jamun have been investigated in diverse preclinical models for their cardioprotective activity (Table 2 ). Methanol extract of Jamun seeds administered orally at 500 mg/kg daily for 30 days to isoproterenol-treated rats was able to protect against myocardial damage. 73 The ethanol extract of Jamun seed powder administered to Wistar rats for subsequent 15 days at 1 hour before doxorubicin treatment, in a similar fashion, protected cardiac tissues against the doxorubicin-induced cardiotoxicity. 74 A randomized, double-blind, placebo controlled clinical trial of 99 diabetic patients given 5 g of seed powder before meals twice daily for 90 days has been reported, and the results indicate the powder lowered blood pressure and exerted a hypoglycemic action. 75 The methanol seed extract of Jamun has also been found to protect H9C2 cardiomyoblasts against glucose-induced stress. 35, 76 The hydroalcoholic extract of Jamun leaves, orally administered at a dose of 0.5 g daily for 8 weeks to hypertensive rats, has been reported to reduce hypertension. 77 These collective preclinical and clinical model studies indicate that Jamun also acts as a cardioprotective agent (Fig. 3) .
Antidiabetic activity
Diabetes afflicts a large number of the world's population, and Indians are especially prone to it. Despite the fact that this ailment was uncommon in ancient times, Ayurveda pharmacopeia mentions the antidiabetic effect of Jamun, whereby its seed powder is reported to control high blood sugar levels (Fig. 3) . In the Western world, Jamun has been applied as a treatment to control blood sugar levels for more than 130 years now; however, clinical studies have shown mixed results. While some patients responded well, others did not respond to the treatment at all. 79 The antidiabetic activity of Jamun has also been investigated in several preclinical animal models, which have demonstrated hypoglycemic effects for the different parts of Jamun (Table 3 58 , 71-73, 75, 80-102 ).
In the twentieth century, a report was published citing no evidence of any reduction in blood sugar levels in alloxan-induced diabetic rats fed with Jamun seed extract. 103 Thereafter, numerous reports were published in which various animal models showed evidence of Jamun reducing blood sugar levels. The ethanol extract of Jamun seed was reported to reduce blood glucose levels in streptozotocin-induced diabetes in rats 71,72 ; and, the methanol extract of Jamun seeds was reported to reduce serum glucose level in the alloxan-induced diabetes in rats. 75 The aqueous seed extract of Jamun has been reported to reduce blood glucose level in both diabetic rabbits and rats. 80- 84 The isolated compound mycaminose and ethyl acetate and methanol extracts of Jamun seeds also reduced blood glucose level in the streptozotocin-induced diabetic rats. 58 The stem bark extract of Jamun was also found to decrease blood glucose levels in spontaneous diabetic rats. 85, 86 The aqueous lyophilized seed powder was effective in lowering the blood glucose level in both diabetic mice and rats. 87, 88 Interestingly, the water soluble seed extract containing gummy fibers was effective in controlling diabetes in alloxan-induced diabetes in rats, whereas the aqueous extract without gummy fiber was completely ineffective. 104 The ethanol extract of Jamun seeds has been shown to reduce fasting blood glucose levels in the alloxan or streptozotocininduced diabetes in rats and rabbits. 89 Similarly, the ethanol extract of seed kernel depleted levels of blood glucose, urea and cholesterol, increased glucose tolerance and reduced the glutamate oxaloacetate transaminase and glutamate pyruvate transaminase, and it also restored the activities of superoxide dismutase (SOD), catalase and glutathione peroxidase enzymes, and reduced glutathione (GSH) contents in liver and kidney of streptozotocin-induced diabetic rats. 90, 91 Streptozotocininduced rats fed with different doses of Jamun seed powder have shown a reduced fasting glucose level, indicating that the administration of Jamun seed powder was highly effective in controlling diabetes. 92 However, in a Brazilian study, treatment of streptozotocin-induced diabetic rats with the lyophilized fruit pulp extract of Jamun was unable to reduce the raised blood sugar levels. 93 The effect of aqueous and ethanol extracts of Jamun fruit pulp was studied in the alloxan-induced diabetic rats and both extracts Jagetia GC. Pharmacological activities of Jamun, Syzygium Cumini J Explor Res Pharmacol were found to alleviate the blood glucose level, but the aqueous extract was more potent than the ethanol extract. 94 Aqueous leaf extract of Jamun has also been reported to reduce the glucose levels, as well as the adenosine deaminase levels, in the serum of diabetic patients. 95 The aqueous extract of the Jamun fruit pulp has been reported to reduce serum glucose level in streptozotocininduced diabetes in female Wistar rats; however, the combination of Jamun fruit extract with the stem bark extract of Cinnamon zeylanicum was more effective than the either treatment alone. 97 The active components isolated by sephadex gel chromatography from the ethanol fraction of Jamun seed extract have been shown to reduce glucose level in the serum of alloxan-induced mild and severe diabetes in rats. 97 Moreover, treatment of streptozotocin-induced type-II diabetic rats with 400 mg/kg aqueous seed extract of Jamun brought the glucose level to near normal and also increased the expression of PPARγ and PPARα proteins in the rat liver. 98 The aqueous and methanol extracts of root, stem bark, leaf and seed of Jamun have been reported to lower serum glucose levels in alloxan-induced diabetes in male Sprague-Dawley rats. 99 The aqueous extract of Jamun seeds has also been reported to reduce serum glucose levels in alloxan-induced diabetes in mice. 100 In human diabetic subjects, supplementation of Jamun seed powder for 30 days reduced the fasting and post-prandial blood glucose levels. 101 The results from these collective studies indicate that Jamun seeds possess the ability to control blood sugar in the diabetic condition ( Table 3) .
Antihyperlipidemic activity
Diabetes is often accompanied by hyperlipidemia, which results in cardiovascular morbidity, and different parts of Jamun have been investigated for cholesterol lowering activity (Fig. 3 and Table 3). The seed extract of Jamun has been reported to decrease total serum cholesterol:high-density lipoprotein (HDL) cholesterol ratio, serum low-density lipoprotein (LDL) cholesterol levels and to reduce the activity of HMG-CoA reductase in alloxan-induced diabetic rabbits. 89 Jamun has both the ability to lower hyperglycemia as well as the enhanced lipid contents. The seed kernel ethanol extract of Jamun has been reported to reduce the LDL and very low-density lipoprotein cholesterol levels in streptozotocininduced diabetic rats; whereas, HDL cholesterol was increased, indicating that Jamun seed extract possesses antihyperlipidemic activity. 92 The aqueous fruit pulp extract of Jamun has been found to alleviate enhanced triglycerides and total cholesterol, and to increase HDL cholesterol in the streptozotocin-induced diabetic rats. 96 Likewise, the active components separated by sephadex gel chromatography from the ethanol seed extract fraction of Jamun have been reported to alleviate enhanced triglycerides and total cholesterol, and to increase HDL cholesterol in alloxan-induced diabetic rats. 97 Aqueous seed extract of Jamun reduced the hyperlipidemic effect in alloxan-treated mice, by alleviating the enhanced levels of triglycerides, increasing the HDL cholesterol level, and returning the total cholesterol to normal. 100 Finally, the ethanol extracts of seeds and fruits of Jamun have been reported to decrease the enhanced levels of triglycerides and LDL and to increase the HDL cholesterol level in rats fed with a high cholesterol diet. 102 
Radioprotective Activity
Every human and animal is exposed to ionizing radiation in daily life, from cosmic sources, air and space travel and diagnostic or medical treatment. Ionizing radiation is harmful and poses various threats to health, such as induction of cardiovascular, pulmonary, liver, kidney and reproductive disorders and cancer. This necessitates the search for pharmacological agents that can protect against the deleterious effects of ionizing radiation.
The radioprotective activity of Jamun leaf and seed extracts (Fig.  3) was evaluated by Jagetia and coworkers as early as 2002. 105 The authors treated human peripheral blood lymphocytes with different concentrations of 1:1 DCM-MET) leaf extract before exposure to 3 Gy γ-radiation, and found protection by reduction of DNA damage as micronuclei that occurred in a concentration-dependent manner. Later on, a study of this extract was conducted to test the radioprotective effect in vivo, wherein mice were administered 5, 10, 20, 30, 40, 50, 60 and 80 mg/kg bodyweight of DCM-MET leaf extract. The administration of different doses of DCM-MET leaf extract protected the mice against radiation-induced mortality and sickness in a dose-dependent manner, and the optimum protective dose was found to be 30 mg/kg. 106 Studies were also undertaken to investigate the radioprotective effect of different doses of hydroalcoholic seed extract in mice exposed to a lethal dose (10 Gy), and it was found that the seed extract protected mice against radiationinduced sickness and mortality. Further studies with the optimum dose of 80 mg/kg seed extract resulted in a dose reduction factor of 1.24. 107 The effect of DCM-MET leaf extract was studied on the intestines of mice treated with 5, 10, 20, 30, 40, 50, 60 and 80 mg/ kg bodyweight DCM-MET leaf extract before exposure to different doses of γ-radiation. The mice receiving Jamun leaf extract showed increased villus height and a rise in the number of regenerating crypts, accompanied by a reduced number of goblet and dead cells; this indicated that Jamun extract protected mouse intestine and may have increased the life span of the irradiated mice. 108 The effect of Jamun leaf extract on radiation-induced DNA damage was also studied; mice were administered with 50 mg/kg bodyweight of 1:1 DCM-MET leaf extract before exposure to different doses of γ-radiation. The cells from the irradiated animal spleens were extracted and cultured, and the DNA damage was estimated in cytochalasin B-blocked binucleate splenocytes. The Jamun leaf extract inhibited the production of radiation-induced micronuclei formation and thus protected the mice against radiation-induced DNA damage. 43 The latest studies carried out in mice to understand the mechanism of action of radioprotection utilized 50 mg/kg bodyweight of DCM-MET Jamun leaf extract before exposure to 0, 0.5, 1, 2, 3 or 4 Gy whole body γ-radiation. The assays for GSH, catalase and SOD revealed that the activities of each were increased significantly in the Jamun leaf extract-treated group, at all exposure doses, compared to the irradiated control group, whereas the induction of lipid peroxidation was reduced in the mouse liver. 109 All these studies have demonstrated that Jamun protects against the radiation-induced mortality, sickness, and intestinal and DNA damage by reducing radiation-induced free radicals and increasing various antioxidants (Fig. 3) . Jamun also suppressed inflammatory cytokines, such as NF-κB, iNOS, TNF-α and COX enzymes, 45 which are elevated after exposure to ionizing radiation and may contribute to the radioprotective action (Table 4 43 , 105-114 ).
Anticancer activity
Cancer is a non-communicable killer disease, which is second only to cardiovascular disease as far as causes of human mortality are J Explor Res Pharmacol concerned. Cancer is treated by surgery, radiotherapy or chemotherapy or a combination of each (or all). In advanced stages, chemotherapy is the only remedy to treat cancer and, hence, it has emerged as one of the most important modalities of cancer treatment.
The majority of cancer treatment drugs (47%) have been derived from natural resources or they are their semisynthetic derivatives. 115 Different parts of Jamun have been investigated for cytotoxic action in vitro using a wide array of different cell lines (Fig. 3) . The cytotoxic effect of Jamun fruit skin crude extract was studied in HeLa (HPV-18 positive) cells and SiHa (HPV-16 positive) cells by MTT assay, and the crude extract was found to trigger a cytotoxic effect on both the cell types (Table 4 ). The effect was more pronounced on the HeLa cells than on the SiHa cells, though. Similarly, the effect of 50% methanol extract showed greater apoptosis in HeLa than SiHa cells. 110 Freeze-dried Jamun fruit pulp extract was found to inhibit cell proliferation and growth of MCF-7 cells and MDA-MB-231 breast cancer cells in a concentration-and time-dependent manner; however, it was less effective in the MCF-10A cells. Yet, the Jamun extract did not induce apoptosis in untransformed MCF-10A breast cancer cells, whereas it was quite effective in triggering apoptotic cell death in both MCF-7 cells and MDA-MB-231 breast cancer cells. 111 The ethyl acetate and methanol extracts of Jamun seeds reduced the cell survival and increased the cytotoxicity in MCF-7 cells in a concentration-dependent manner, and ethyl acetate extract was slightly better than the methanol extract. Almost similar results were reported for DNA fragmentation, an indicator of apoptosis. 112 Jamun fruit extract has also been reported to induce a cytotoxic effect in a concentration-dependent manner in HCT-116 colon cancer cells. Moreover, the Jamun fruit extract induced apoptosis in HCT-116 and colon cancer stem cells by triggering DNA fragmentation, as determined by TUNEL assay and caspase 3/7 activity. 113 The methanol extract of Jamun fruit has been found to increase the cytotoxicity and suppress cell proliferation in H460 lung cancer cells in a concentration-dependent manner, with an IC50 of 35.2 µg/mL. 114 Apart from the above-listed activities, Jamun has shown several other properties in different experimental systems, including improvement of memory, antiarthritic activity, anti-nociceptive activity, antigenotoxic effect, central nervous system depressant activity, positive ionotropic effect, antispasmodic activity and many more that are not included in this review. [116] [117] [118] [119] [120] [121] The exact mechanism of action of Jamun in protecting against various disorders is not clearly understood. It seems that Jamun utilizes multiple pathways to exert its conducive effect on different ailments (Fig. 4) . Free radical induction has been indicated in several disease processes and the neutralization of excess free radicals by Jamun may be one of the important mechanisms of its action, which is in line with reports of its ability to scavenge different free radicals. Jamun also stimulates the activation of different enzymes, like catalase, glutathione peroxidase, glutathione-s-transferase and SOD, and increases synthesis of GSH, which may have helped in various ways to counter the free radical production, thereby helping to resolve the different diseases.
The reduction of lipid peroxidation may be another reason for its protective effect against several diseases. At the molecular level the presence of Jamun may have inhibited activation of transcription factors, including NF-κB, iNOS, TNF-α and COXs, causing reduced inflammation and protection against various health disorders. Apart from this, Jamun may have also up-regulated the transcription of PPARα and PPARγ, and Nrf2, leading to an increase in the antioxidant status.
Conclusions
The Jamun (Syzygium cumini) belonging to family Myrtaceae has been used in traditional medicine for treatment of different ailments, including diabetes. Phytochemical evaluation has shown that Jamun contains alkaloids, anthroquinone glycosides, flavonoids, tannins, saponins, phenols, cardiac glycosides, terpenoids, phytosterols, steroids and amino acids. Several individual components of these phytochemicals have been isolated, as well. Preclinical evaluation has shown that Jamun possesses several medicinal activities, including antioxidant, antibacterial, antifungal, antiallergic, antiinflammatory, antidiabetic antihyperlipidemic, gastroprotective, cardioprotective, hepatoprotective, anticancer, and radioprotective.
Despite the above-listed beneficial and medicinal effects, however, Jamun has some adverse effects in humans. It lowers blood sugar; therefore, it should not be taken at 1 week before, or at a minimum of 2 weeks after, surgery. Jamun should not be taken after drinking of milk and it should be avoided on an empty stomach. Breastfeeding mothers and pregnant women should avoid eating Jamun. Eating excessive amounts of Jamun may cause coughing, sputum accumulation in the lungs, body aches and fever.
The putative mechanisms of action of Jamun may be the scavenging of free radicals, as indicated by increased oxidative stress, elevated activities of catalase, glutathione peroxidase, glutathione- Jagetia GC. Pharmacological activities of Jamun, Syzygium Cumini J Explor Res Pharmacol s-transferase and SOD, and increased synthesis of GSH coupled with reduced lipid peroxidation. At the molecular level, Jamun may act through its inhibition of transcription of NF-κB, PPARα and γ, COX, iNOS, TNF-α and other inflammatory cytokines, followed by the up-regulation of PPARα and PPARγ, and Nrf2. However, there is need to systematically evaluate the molecular mechanisms of action of Jamun in various study systems. It is very clear from the collective literature that Jamun has several medicinal properties, and its full potential to treat some of the important disorders of the modern world needs to be further explored. Despite the plethora of studies that indicate its antidiabetic potential, its clinical success seems to be a far cry. Although Jamun fruits are consumed, the toxic implications of Jamun need to be systematically determined in combination with other pharmacologic agents, which will help in realizing its full clinical potential. Finally, the teratogenic effects of Jamun have not been studied, which also indicates the need to thoroughly investigate this aspect in the near future.
